Introduction
The Caryophyllaceae Juss. is one of the major dicot family of angiosperms and is globally represented by 85 genera and exhibits great diversity in the habitat and growth form there. Plants of the family are erect, prostrate, annual or perennial herbs or small shrubs, and few species (Sanctambrosia spp.) are larger shrubs or small trees. The family is characterized by swollen nodes, with simple opposite leaves, solitary flowers or dichasial cymes inflorescence, actinomorphic pentamerous or tetramerous flowers, clawed petals, ten stamens or less in obdiplostemonous condition, ovary superior with free-central placentation, fruit capsule opening by teeth or valve and presence of anthocyanin pigments. 2 The family Caryophyllaceae is well known for ornamental flowering plants such as Dianthus chinensis (Pink) Some species of Caryophyllaceae as Stellaria media (Chickweed), Cerastium cerastoides (Mouse-ear Chickweed) and other Stellaria spp. Cearstium spp., Silene spp., etc. are noxious weeds of agricultural lands. 3 The family Cayophyllaceae is widely known for gardening herbs but medicinal importance of its members is sparsely known. In the present work we have tried to compile information regarding the medicinal plants of the family, their ethnomedicinal uses, and pharmacological significance of these plants in different diseases. Only a few reviews provide information regarding medicinal plants of the family and their biomedical properties have been published yet. All of these reviews are either focused on particular taxa [4] [5] [6] or a few species. 7 This review is unique for this family and fills the knowledge gap related to the medicinal importance of this family. This review will also help others in future for compilation of such information of this family.
Methods
For the present review, information regarding medicinal properties and biochemical properties of plants was gathered via searching books and scientific databases including PubMed, Elsevier, GoogleScholar, Springer, etc.
Phytochemistry of the family
The family is characterized by the presence of anthocyanin pigments instead of the betalain. Proanthocyanidin pigments are rarely detected from the seed coats and Cglycosylflavonoids pigment are rather common in the family. 2 The unusual characteristic of the family is appearance of stable and endurable foam when parts of the plants are put into water and shaken. This behavior is due to the occurrence of high amount of saponins in the family. The saponins are found in various organs of the plants, especially in roots of Saponaria spp. Silene spp. Gypsophila spp., etc. and seeds of Agrostemma githago. 8 The phytoecdysteroids mimics insect molting hormone and strongly interferes with metamorphosis of the insects. Phytoecdysteroids are synthesized mainly in the tribe Lychnideae of the subfamily Caryophylloideae of Caryophyllaceae, whereas Silene, Lychnis, Petrocoptis, Sagina, and Saponaria are main phytoecdysteroid synthesizing genera of the family. 9,10 A number of other compounds such as fatty acid derivatives, benzenoids, phenyl propanoids, isoprenoids, and nitrogen containing compounds are also isolated from the plants belonging to the family. 11-13
4.
Medicinal properties of plants
Plants used by ethnic communities for health care
Ethnobotany is the study of how people of a particular culture and region use indigenous plants in their lives for their daily health management and other needs. The American biologist R.E. Schultes 14 described ethnobotany as "the study of the relationship which exists between people of primitive societies and their environment". In more simple words, it is an anthropological approach to botany. The father of Indian Ethnobotany S.K. Jain 15 described it as "the study of the direct relationship between plants and man is an interdisciplinary science and called Ethnobotany". A total of 422,000 plant species are present on the earth, among which 52,885-72,000 plant species are used as medicinal plants around the world. 16, 17 Thus, ∼17.1% of the total world flora comprises medicinally important plants. These plants are used to cure many diseases in different medicinal systems around the world. It is estimated that 70-80% of people worldwide rely chiefly on traditional herbal medicine to meet their primary health care needs. 18 Among 2,630 species of the family 1 , only a small fraction (∼50-90 species) is known to have medicinal properties. The majority of the plants are used for some common ailments as cold, cough, fever, diarrhea, throat infection, and gastrointestinal infection etc. Table 1 Polycarpaea corymbosa (L.) Lam.
Whole plant Anti-inflammatory, astringent, demulcent; plant-spermicidal, applied as poultice, prescribed in jaundice in the form of pills with molasses 54 Polycarpon prostratum (Forssk.) Asch. & Schweinf Leaves, whole plant Infusion of roasted leaves is given for coughs following fever, particularly in measles; 1-2 cup of decoction in an empty stomach during suffering from malarial fever 54, 55 Pseudostellaria heterophylla (Miq.) Pax metallothionein controls Zn-containing enzymes, e.g., Cu Zn-superoxide dismutase (Cu Zn-SOD), proteins, proapoptotic proteins (e.g., p53), and transcription factors (TFIIA), these elements are essential for cellular signaling pathways. Zn-containing metallothioneins work as tumor inhibitory proteins through supplying Zn to p53 for its stability and optimum activity. 74 Thus, activation of p53 cause cell cycle arrest at the G1 phase and prevents DNA replication. Superoxide dismutase (SOD) catalyze dismutation of superoxide into oxygen and hydrogen peroxide and hence, SOD are important antioxidant defense molecules in nearly all cells exposed to oxygen. 75 SOD-2 acts as a downstream mediator of mac25/insulin-like growth factor binding-protein related protein-1 (IGFBP-rP1) in the inhibition of tumor formation and its proliferation in prostate epithelial cell lines and human breast cells. 76 Furthermore, kaempferide triglycoside induced SOD probably inhibit cell growth by suppressing effects of some growth factor binding-proteins and growth factor binding-protein related proteins.
Dianthus chinensis L. Ethanol extract of Dianthus
chinensis is used in the treatment of Human Hepatocellular Carcinoma HepG2 cells. The plant extract suppresses HepG2 cell viability and induces apoptosis. Proteins such as, bcl-2, bcl-xl, mcl-1, and bax belong to the Bcl-2 family of proteins and play an important role in controlling the release of cytochrome c and in mitochondria-mediated apoptosis. 77 The ratio between the level of proapoptotic bax protein and the level of antiapoptotic bcl-2 protein in the cell determines the fate of cells either survival or death. The ethanol extract of D. chinensis did not alter the expression of bax protein in HepG2 cells but, it selectively downregulates the expression of bcl-2 and bcl-xl proteins and consequently increases the ratio of bax:bcl-2 and bax:bcl-xl. High bax:bcl-2 and bax:bcl-xl ratio in the cytosol causes a release of cytochrome c from mitochondria, which initiates apoptosis by activating caspase-3/7, -8, and - tunei were tested for apoptotic activities against human T-cell leukemia Jurkat cells. Saponins 1-3, jenisseensosides, and their derivatives were isolated from the extract. These compounds were found to stimulate the proliferation of the Jurkat tumor cell lines at low concentrations, whereas, at high concentrations they inhibit the proliferation of the cells and induce apoptosis. 87 
Antibacterial properties
Whole plant extracts of Dianthus caryophyllus show antibacterial activity against Klebsiella pneumonia, Bordetella bronchiseptica, and Staphylococcus epidermidis. 88 Two antibacterial compounds thymol and eugenol extracted from dried buds, show activity against Gram-negative bacteria Proteus mirabilis and Escherichia coli with MIC (minimum inhibitory concentration) value of 7.8 g/mL, whereas, for the three strains of Gram-positive bacteria Staphylococcus aureus, Bacillus cereus, and Listeria monocytogenes antibiotic activity was with MIC value of 15.6 g/mL. 40 Different aerial parts extracts of Drymaria cordata were tested for antibacterial efficacy against Escherichia coli ATCC 10536, Staphylococcus aureus ATCC 29737, Bacillus subtilis ATCC 6633, Bacillus pumilis ATCC 14884, and Pseudomonas aeruginosa ATCC 25619 and found effective. 89 
Antifungal properties
The plant powder of the Arenaria rubra was screened for antifungal activity against the principal postharvest fungal pathogens of citrus fruits such as, Penicillium digitatum, Penicillium italicum, and Geotrichum candidum. The plant powder inhibited mycelial growth of all tested fungi by > 50% and totally inhibited the growth of the P. digitatum fungus. 90 Kaempferide triglycoside along with C-and O-flavonoid glycosides were isolated from carnation (Dianthus caryophyllus). The isolated compounds and other flavonoid glycoside analogues were tested against Fusarium wilt causative pathogenic fungi Fusarium oxysporum f.sp. dianthi pathotypes and exhibited antifungal activity against the same. 91
Antiviral properties
The sap of the Dianthus caryophyllus suppressed local lesion development of tobacco mosaic virus (TMV) on Nicotiana glutinosa. 92 The seed extract of the plant shows potent antiviral activity against herpes simplex virus-1 (HSV-1) and hepatitis A virus-27 (HAV-27). 93 The seed extract of Dianthus barbatus inhibits the growth of tobacco mosaic virus ordinary strain (TMV-OM). 94 The lipophilic extract of Silene guntensis were tested against herpes simplex virus (HSV) and parainfluenza virus (PIV) and showed substantial antiviral activity against both viruses. 95
Antioxidant properties
The plants of the Caryophyllaceae family contain good amounts of phenolics and flavonoids; thus, showing a good amount of DPPH (2,2-diphenyl-2-picrylhydrazyl hydrate) radical scavenging activity. The plant extract of Arenaria rubra shows good DPPH radical scavenging activity and acts as an antioxidant. 96 The methanol extract of Silene gynodioca, Silene spergulifolia, and Silene swertiifolia were screened for antioxidant activities by three complementary tests such as, DPPH activity, metal chelating activity, and ␤-carotene/linoleic acid oxidation. The result showed that the extract of S. swertiifolia contain the highest amount of flavonoid and phenolic compounds and also exhibited the greatest antioxidant activity among all species. In other species, radical scavenging activity of S. spergulifolia extract was high followed by S. gynodioca. 97 
Anti-inflammatory properties
Two saponins, barbatosides A and B isolated from aerial parts of Dianthus barbatus cultivar "China Doll" have shown analgesic and anti-inflammatory activities. 98 The butanol fraction of the methanol extract of whole plants of Melandrium firmum inhibited COX-2 (prostaglandin-endoperoxide synthase 2) and 5-LOX (5-lipoxygenase) production of prostaglandin D2 (PGD2), and leukotriene C4 (LTC4) in mouse and thus, exhibit anti-inflammatory activity. 99 The triterpene, trans-pmethoxycinnamoyl isolated from the roots of Silene jenisseensis in vitro exhibit weak inhibitory effects in the cyclooxygenase inhibition assay. 100 
Other miscellaneous properties
A single chain ribosome-inactivating protein with RNA Nglycosidase activity was isolated from leaves of Dianthus barbatus L. and named as Dianthin 29. 101 This compound inhibits functioning of Escherichia coli ribosomes after incubation of intact Escherichia coli ribosomes with Dianthin 29. Dianthin 29 belongs to Type 1 ribosome inhibitor proteins (RIPs) category. RIPs generally induce apoptosis and subsequently necrosis both in organs of poisoned animals and in a variety of cultured cells, 102 this property of D. barbatus is still to be evaluated. Benign prostatic hyperplasia (BPH), a mammalian male age-related disease characterized by prostatic enlargement coincides with distinct alterations in tissue histomorphology. The methanol extract of Melandrium firmum effectively inhibits the development of BPH induced by testosterone in rats. 103 Phenolic extracts from the aerial part of Arenaria serpyllifolia were found to inhibit rat intestinal enzyme carboxylesterase (CE) significantly, in a concentration-dependent manner. The CE inhibitory phenolic compounds present in A. serpyllifolia extracts, also regulate enterocyte cellular expression via biochemical mechanism. 104 Extracts of Lychnis chalcedonica in a daily dose of 150 mg/kg for 5 days reduced the severity of hemorheological disorders and normalized EEG activity in mice. Hence, extracts of L. chalcedonica possess cerebroprotective activity and decrease the inhibitory effect of ischemia on electrical activity of the mouse brain. 105 The aqueous ethanolic extract from the roots of Stellaria dichotoma in vivo showed antiallergic effects on ear passive cutaneous anaphylaxis (PCA) reaction in mice and in vitro inhibitory activity on the release of ␤-hexosaminidase in RBL-2H3 cells. 106 The whole plant of Stellaria media has been tested for its antiobesity activity by using progesterone-induced obesity model in female albino mice. 107 The leaves of S. media contain vitamin C, carotene, and mucilage and are rich in potassium and silicon. 54 
Conclusion
On the basis of data mentioned in and Saponaria are the most studied genera for both ethanomedicinal and pharmaceutical studies so far, hence biomedical properties of the rest of the genera of the family must be carried out. Due to various promising biomedical activities, further studies must be carried out on drug development from different plant extracts and their constituents.
In the present review, we have tried to summarize ethanomedicinal and modern pharmaceutical studies on the plants of the Caryophyllaceae family. The plants of the family possess high amounts of secondary metabolites such as saponins, a number of compounds such as fatty acid derivatives, benzenoids, phenyl propanoids, isoprenoids, and nitrogen containing compounds. Indeed, due to the presence of these compounds, plants were used in different traditional medicine systems and show many biochemical activities. On the basis of data collected in this review, it is evident that the family Caryophyllaceae comprise a wide range of pharmaceutically important plants. Furthermore, a large number of plants were tested for biomedical activities and have shown anticancer activity either in vitro or in vivo studies. This property of the plants should be further evaluated and tested against many cancer cell lines. As cancer is one of the least curable disease of the present time and causes thousands of death per year, hence the study on these plants may be helpful in future.
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